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Abstract 


A low-molecular weight nitrile mbber having narrower molecular weight distributions 
than those known in the art can be prepared by olefin metathesis. 
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Process for th Metathesis of Functionaliz d Polym rs 

Field of the Invention. 

The present invention relates to nitrlle rubber polymers having lower molecular 
5 weights and narrower molecular weight distributions than those known in the art. 

Baclcaround of the Invention 

Nitrlle rubber (NBR). a co-polymer of a conjugated diene and an 
unsaturated nitrile, is a specialty rubber which has very chemical resistance, and 
10 excellent oil resistance. Coupled with the high level of mechanical properties of the 
rubber (in particular the high resistance to abrasion) it is not surprising that NBR has 
found widespread use in the automotive (seals, hoses, bearing pads), electrical (cable 
sheathing), mechanical engineering (wheels, rollers) and footwear industries, amongst 
others. 

15 

Commercially available NBR is manufactured by emulsion polymerization. The 
monomers are emulsified in water, a free radical-generating catalyst is added and the 
mixture Is agitated whilst a constant temperature is maintained. After the desired 
degree of polymerization is reached, a shortstop and stabilizers are added to the 
20 reaction system causing tennination of the polymerization process. Generally, NBR 
obtained by this process has a Mooney viscosity in the range of from about 30 to about 
90. an Mw in the range of from about 250,000 to about 350,000, an Mn in the range of 
from about 80,000 to about 150,000 and a polydispersity index greater than about 3.2. 

25 In addition, so-called liquid NBR" having a very low Mooney viscosity and a low 

molecular weight can be produced be adding the shortstop agent eariy in the reaction 
process. As in the case of regular NBR, the resulting liquid NBR has a polydispersity 
greater than 3.0. 

30 Kari Ziegler's discovery of the high effectiveness of certain metal salts, in 

combination with main group alkylating agents, to promote olefin polymerization under 

mild conditions has had a significant impact on chemical research and production to 

date. It was discovered eariy on that some ''Ziegler-type" catalysts not only promote the 

proposed coordination-insertion mechanism but also effect an entirely different 

35 chemical process, that is the mutual exchange (or metathesis) reaction of alkenes 
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Figure 1 

Acyclic diene metathesis (or ADMET) is catalyzed by a great variety of transition 
metal complexes as well as non-metallic systems. Heterogeneous catalyst systems 
based on metal oxides, sulfides or metal salts were originally used for the metathesis of 
olefins. However, the lirnited stability (especially towards hetero-substituents) and the " 
lack of selectivity resulting from the numerous active sites and side reactions are major 
drawbacks of the heterogeneous systems. 

Homogeneous systems have also been devised and used to effect olefin 
metathesis. These systems offer significant activity and control advantages over the 
heterogeneous catalyst systems. For example, certain Rhodium based complexes are 
effective catalysts for the metathesis of electron-rich olefins. 

The discovery that certain metal-alkylidene complexes are capable of catalyzing 
the metathesis of olefins triggered the development of a new generation of well-defined, 
highly active, single-site catalysts. Amongst these. Bls-(tricyclohexylphosphine)^ 
benzylidene ruthenium dichloride (commonly know as Grubb's catalyst) has been 
widely used, due to its remarkable insensitivity to air and moisture and high tolerance 
towards various functional groups. Unlike the molybdenum-based metathesis catalysts, 
this ruthenium carbene catalyst is stable to acids, alcohols, aldehydes and quaternary 
amine salts and can be used in a variety of solvents (CeHe. CH^CI^. THF. f-BuOH). The 
most commonly-used catalysts are based on Mo. W and Ru. 

The use of transition-metal catalyzed alkene metathesis has since enjoyed 
25 increasing attention as a synthetic method. Research efforts have been mainly focused 
on the synthesis of small molecules, but the application of olefin metathesis to polymer 
synthesis has allowed the preparation of new polymeric material with unprecedented 
properties (such as highly stereoregular poly-norbomadiene). 
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The utilization of olefin metathesis as a means to produce low molecular weight 
compounds from unsaturated elastomers has received growing interest. The principle 
for the molecular weight reduction of unsaturated polymers is shown in Figure 2. The 
use of an appropriate catalyst allows the cross-metathesis of the unsaturation of the 

5 polymer with the co-olefln. The end result is the cleavage of the polymer chain at the 
unsaturation sites and the generation of polymer fragments having lower molecular 
weights. In addition, another effect of this process Is the "homogenizing" of the polymer 
chain lengths, resulting in a reduction of the polydisperslty. From an application and 
processing stand point, a narrow molecular weight distribution of the raw polymer 

10 results in improved physical properties of the vulcanized rubber, whilst the lower 
molecular weight provides good processing behavior. 



Figure 2 Metathesis of Partially Unsaturated Polymer 

1 5 The so-called "depolymerization" of copolymers of 1 ,3-butadiene with a variety of 

co-monomers (styrene, propene, divinylbenzene and ethylvlnylbenzene, acrylonitrile, 
vinyltrimethylsilane and divinyldimethylsilane) in the presence of classical Mo and W 
catalyst system has been investigated. Similariy, the degradation of a nitrile rubber 
using WCIg and SnMe4 or PhC^CH co-catalyst was reported in 1988. However, the 

20 focus of such research was to produce only low molecular fragments which could be 
characterized by conventional chemical means and contains no teaching with respect 
to the preparation of low molecular weight nitrile rubber polymers. Furthermore, such 
processes are non-controlled and produce a wide range of products. 
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The catalytic depolymerization of 1,4-polybutadiene in the presence of 
substituted olefins or ethylene (as chain transfer agents) in the presence of well-defined 
Grubb's or Schrock's catalysts Is also possible. The use of Molybdenum or Tungsten 
compounds of the general structural formula {M(=NRi)(OR2)2(=CHR); M = Mo, W} to 
5 produce low molecular weight polymers or oligomers from gelled polymers containing 
internal unsaturation along the polymer backbone was claimed in US 5.446,102. Again, 
however, the process disclosed is non-controlled, and there is no teaching with respect 
to the preparation of low molecular weight nitrile mbber polymers. 

10 Summary of the Inventinn 

We have now discovered that a low molecular weight nitrile mbber having 
narrower molecular weight distributions than those known in the art can be prepared by 
olefin metathesis. Rubbers having a narrow molecular weight distribution have certain 
advantages over those having a broad molecular weight distribution, one of these being 

15 that they have improved physical properties, resulting, for example, in better 
processability of the mbber. 

Thus, one aspect of the disclosed invention is a nitrile mbber having a molecular 
weight (Mw) in the range of from about 25.000 to about 200,000, a Mooney viscosity 
!0 (ML 1+4 100) of less than about 25. and a MWD (or polydispersity index) of less than 
about 2.5. 


Descriptio n of the Invep tinn 

As used throughout this specification, the temi "nitrile mbber" is intended to have 
a broad meaning and is meant to encompass a copolymer of a conjugated diene and 
an unsaturated nitrile. 

The conjugated diene may be a C^-C, conjugated diene. Non-limiting examples 

of suitable such conjugated dienes may be selected flrom the group comprising 

butadiene, isoprene, piperylene, 2.3-dimethyi butadiene and mixtures thereof. The 

preferred C^-Cg conjugated diene may be selected from the group comprising 

butadiene. Isoprene and mixtures thereof. The most preferred C^-Cg conjugated diene 
is butadiene. 
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The unsaturated nitrile may be a Ca-Cg a,p-unsaturated nitrile. Non-limiting 
examples of suitable such Cs-Cg a,p-unsaturated nitriles may be selected from the 
group comprising acrylonitrile, methacrylonitrile, thacrylonltrile and mixtures thereof. 
The most prefen-ed C3-C5 a,p-unsaturated nitrile Is acrylonitrile. 


Preferably, the copolymer comprises from about 40 to about 85 weight percent 
of the copolymer of bound conjugated diene and from about 15 to about 60 weight 
percent of the copolymer of bound unsaturated nitrile. More preferably, the copolymer 
comprises from about 60 to about 75 weight percent of the copolymer of bound 
10 conjugated diene and from about 25 to about 40 weight percent of the copolymer of 
bound unsaturated nitrile. Most preferably, the copolymer comprises from about 60 to 
about 70 weight percent of the copolymer of bound conjugated diene and from about 
30 to about 40 weight percent of the copolymer of bound unsaturated nitrile. 

15 Optionally, the copolymer may further comprise a bound unsaturated carboxylic 

acid. Non-limiting examples of suitable such bound unsaturated carboxylic acids may 
be selected from the group comprising fumaric acid, maleic acid, acrylic acid, 
methacryllc acid and mixtures thereof. The bound unsaturated carboxylic acid may be 
present in an amount of fipom about 1 to about 10 weight percent of the copolymer, with 

20 this amount displacing a connesponding amount of the conjugated diolefin. 

Further, a third monomer may be used in production of the nitrile polymer. 
Preferably, the third monomer is an unsaturated mono- or di-carboxylic acid or 
derivative thereof (e.g., esters, amides and the like). 


The metathesis reaction can be catalysed by compounds of formula I, II or III; as 
shown below : 


5 
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wherein: 

M is Os or Ru; 

R and R^ are, independently, liydrogen or a hydrocarbon selected from the 
group consisting of Cj-Ca, allcenyl, Cj-Cao all^ynyl, C,-C2o alkyl. aryi, C^-Cjo carboxylate, 
5 C1-C20 all<oxy, Cj-Cjo alkenyloxy, C2-C20 aikynyloxy, aryloxy, Cj-Cjo alkoxycarbonyl, C,- 
C20 aikylthio, CrC^o alkylsulfonyl and C.-C^o alkylsulfinyl; 

X and are independently selected anionic ligands; and 
L and are, independently, ligands selected from the group consisting of 
phosphines, sulfonated phosphines, fluorinated phosphines, functionalized phosphines 
10 having up to three aminoalkyi-, ammohiumalkyl-, alkoxyalkyi-, alkoxylcarbonylalkyi-. 
hydrocycarbonylalkyi-, hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites. 
phosphonites, phosphinamines, arsines, stibines, ethers, amines, amides, imines, 
sulfoxides, thioethers and pyridines; optionally. L and can be linked to one another to 
from a bidentate neutral ligand wherein at least one of the above-mentioned functional 
IS groups is present. 



Formula II 

wherein: 
is Os or Ru; 

20 R2 and R' are. Independently, hydrogen or a hydrocarbon selected from the group 
consisting of C^-C^ alkenyl, C2-C20 alkynyl, C^-C^o alkyl, aryl, C,-C2o carboxylate, C1-C20 
alkoxy, C2-C20 alkenyloxy, C2-C20 aikynyloxy. aryloxy, C2-C20 alkoxycarbonyl, C-Cjo 
aikylthio, Ci-Cjo alkylsulfonyl and C,-C^ alkylsulfinyl; 
X^ is selected from any anionic ligand; and 
25 is a neutral jr-bonded ligand, preferably but not limited to arene. substituted 

arena, heteroarene, independent of whether they are mono- or polycyclic; 

is a ligand selected from the group consisting of phosphines, sulfonated 
phosphines, fluorinated phosphines, functionalized phosphines bearing up to three 
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aminoalkyi-, ammoniumalkyi-. alkoxyalkyi-, alkoxylcarbonylalkyl-, hydrocycarbonylalkyU, 
hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, phosphonites. 
phosphinamines, arsines, stibenes, ethers, amines, amides, Imines, sulfoxides, 
thioethers and pyridines; 
5 Y' Is a non-coordinating anion; 

n is an integer In the range of from 0 to 5; 



Formula III 

wherein 
10 is Mo or W 

R*, R^ are. Independently, hydrogen or a hydrocarbon selected from the group 

consisting of Cj-Ca, alkenyl. Cj-Cjo alkynyl, CrCa, alkyl. aryl, Ci-Cjo carboxylate, C,-C2o 

alkoxy, C2-C20 alkenyloxy, C2-C20 alkynyloxy, aryloxy, Cj-Cjo alkoxycarbonyl, CrCjo 

alkylthio, CrCa alkylsulfonyl and Ci-Cjo alkylsulflnyl; 
15 rb and R^ are Independently selected from any unsubstituted or halo-substltuted 

alkyl, aryl, aralkyi groups or silicon-containing analogs thereof. 

Catalysts of Fomiula I are prefenred. More preferably, catalysts of Formula I 
wherein L and are trialkylphosphlnes, X and are chloride Ions and M Is Ruthenium 
20 are preferred. 


The amount of catalyst employed in the metathesis reaction will depend upon 
the nature and activity of the catalyst In question. Typically, the ratio of catalyst to NBR 
is in the range of firom about 0.005 to about 5, preferably in the range of from about 
25 0.025 to about 1 and, more preferably, in the range of from about 0.1 to about 0.5. 
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The metathesis reaction is carried out in the presence of a co-olefin. The co- 
olefin may be a hydrocart)on or it may be functionalised, with the caveat that it should 
not inactivate the metathesis catalyst or otherwise interfere with the reaction. Preferred 
olefins include, but are not limited to, C2 to Cie linear or branched olefins such as 
ethylene, isobutene, styrene or 1-hexene. Where the co-olefin is a liquid (such as 1- 
hexene), the amount of co-olefin employed is in the range of from about 1 to about 50 
weight %; preferably in the range of from about 10 to about 30 weight %. Where the 
co-olefin is a gas (such as ethylene) the amount of co-olefin employed is such that it 
results in a pressure in the reaction vessel in the range of from about 3 to about 3600 
psi, preferablyMn the range of from about 15 to about 1500 psi and, more preferably, in 
the range of from about 75 to about 600 psi. 

The metathesis reaction can be earned out in any suitable solvent which does 
not inactivate the catalyst or othenvise interfere with the reaction. Prefen-ed solvents 
include, but are not limited to, dichloromethane, benzene, toluene, tetrahydrofuran, 
methyl ethyl ketone, cyfcohexane and the like. The most prefen^ed solvent is 
monochlorobenzene (MCB), In certain cases the co-olefin can itself act as a solvent 
(for example. 1-hexene), in which case no other solvent is necessary. 

The concentration of NBR in the reaction mixture is not critical but, obvtously, 
should be such that the reaction is not hampered if the mixture is too viscous to be 
stirred efficiently, for example. Preferably, the concentration of NBR is in the range of 
from about 1 to about 40%, nrost preferably in the range of from about 6 to about 15%. 

The metathesis reaction is carried out at a temperature In the range of from 
about 20 to about 140°C; preferably in the range of from about 60 to about 120*>C. 

The reaction time will depend upon a number of factors, including cement 
concentration, amount of catalyst used and the temperature at which the reaction is 
performed. The metathesis is complete within the first two houre under typical 
conditions. The progress of the metathesis reaction may be monitored by standard 
analytical techniques, for example using GPC or solution viscosity . 

The Mooney viscosity of the rubber was determined using ASTIVI test D1646. 
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For a typical product the Mn is about 30,000 (compared to about 85,000 for the 
starting polymer) whilst the Mw Is about 55,000 (compared to 300,000 for the starting 
polymer. As can be seen from Table 1, however, higher molecular weights (Mw) can 
also be obtained by manipulation of the experimental conditions (for example by 
5 lowering the catalyst loading). As expected, the molecular weight distribution falls from 
about 3.5 for the starting NMB feedstock to about 2.0 for the metatheslzed product. 
This is consistent with a more homogeneous range of polymer chain lengths and 
molecular weights. 

10 A summary of the polymer properties for selected samples is shown In Table 1 . 

The GPC results show up to a fivefold reduction in Mw and a narrowing of the 
poiydispersity index to about 2.0. 


Table 1 Summary of Polymer Properties 



MN MW MZ PDi 

Mooney Viscosity 
(ML 1+4 @ 100) 

Starting NBR 

85000 296000 939000 3.50 

35 

(Perbunan) 



Experiment 1 

27000 54000 92000 2.00 

2.5 

Experiment 2 

27000 53000 89000 1.98 


Experiment 3 

32000 66000 117000 2.06 


Experiment 4 

67000 134000 253000 2.00 



15 

Experimental Details 

Bis(tricyclohexylphosphine)benzylidene njthenium dichloride (Gmbb's 
metathesis catalyst), 1-hexene and monochlorobenzene (MCB) were purchased from 
Alfa, Aldrich Chemicals, and PPG respectively and used as received. Perbunan was 
20 obtained from Bayer Inc. . 

The metathesis reactions were carried out in a Parr high-pressure reactor under 
the following conditions: 

Cement Concentration 6 or 1 5% 
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Co-OIefin 

Co-Olefin Concentration 
Agitator Speed 
Reactor Temperature 
Catalyst Loading 
Solvent 


Monochlorobenzene 
Perbunan NT 3435 T 
Perbunan NT 3429 T 


Variable 


Variable 
600 rpm 
Variable 


Ethylene or 1-Hexene 


Substrate 


In a typical lab experiment, 200g of aibber was dissolved in 1133g of MOB (15% 
solid). The cement was then charged to the reactor and degassed 3 times with C2H4 
(100 psi) under full agitation. The reactor was heated to desired temperature and 60mL 
of a monochlorobenzene solution containing Grubb's catalyst was added to the reactor. 
The temperature was maintained constant for the duration of the reaction. A cooling 
coil connected to a temperature controller and a thermal sensor was used to regulate 
the temperature. The progress of the reaction was monitored using solution viscosity 
measurements for the 6% cements. At higher cement concentration, the reaction was 
assumed to be complete after 18 hours. 
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Claims 


1. A proc ss for the preparation of a nitrile rubber which comprises subjecting a nitrile 
rubber to metathesis in the presence of a co-olefin and a catalyst selected from the 
group consisting of Fomnula I, II and III : 


M is Os or Ru; 

R and R^ are, independently, hydrogen or a hydrocarbon selected from the 
group consisting of C2-C20 alkenyl, C2-C20 alkynyl, CrCzo alkyi, aryl, C1-C20 carboxylate. 
CrCjo alkoxy, C2-C20 alkenyloxy. C2-C20 alkynyloxy, aryloxy. Cj-Cjo alkoxycarbonyl, Cr 
C20 alkylthio, CrCjo alkylsulfonyl and CrCao alkylsulfinyl; 

X and are independently selected anionic ligands; and 

L and U are, independently, ligands selected from the group consisting of 
phosphines, sulfonated phosphines, fluorinated phosphines, functionalized phosphines 
having up to three aminoalkyi-, ammoniumalkyi-, alkoxyalkyi-, alkoxylcarbonyialkyl-, 
hydrocycarbonylalkyi-, hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, 
phosphonites, phosphinamines, arsines, stibines, ethers, amines, amides, imines. 
sulfoxides, thioethers and pyridines; optionally, L and can be linked to one another to 
from a bidentate neutral ligand wherein at least one of the above-mentioned functional 
groups is present; 



Formula I 


wherein: 
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Formula II 

wherein: 
is Os or Ru; 

and R^ are, independently, hydrogen or a hydrocarbon selected from the group 
consisting of C^-C^ alkenyl. C^-C^ alkynyl. C^-C^o alkyl. aryl. C.-C^ carboxylate, C.-C^ 
alkoxy, Cj-Cgo alkenyloxy, Cj-Cjo alkynyloxy, aryloxy, C2-C20 alkoxycarbonyl, C-Cjo 
alkylthio. C^-C^ alkylsulfonyl and C1-C20 alkyisulfinyl; 
is selected ftiom any anionic ligand; and 

is a neutral jt-bonded ligand, preferably but not limited to arene. substituted 
arene, heteroarene, independent of whether they are mono- or polycyclic; 

is a ligand selected from the group consisting of phosphines. sulfonated 
phosphines, fluorinated phosphines. functionalized phosphines bearing up to three 
aminoalkyi-, ammoniumalkyi-, alkoxyalkyi-, alkoxylcarbonylalkyl-, hydrocycarbonylalkyi-. 
hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites. phosphonites, 
phosphinamines, arsines. stibenes, ethers, amines, amides, imines. sulfoxides, 
thioethers and pyridines: 

Y- is a non-coordinating anion; 

n is an integer in the range of firom 0 to 5; 



Formula III 
12 
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wherein 

is IVIo orW 

R^ are, independently, hydrogen or a hydrocarbon selected from the group 
consisting of Cj-C^o alkenyl, C2-C20 alkynyl, C1-C20 alkyi, aryl. C^C^ carboxylate. C^Cjo 
5 alkoxy, C2-C20 alkenyloxy. C2.C20 alkynyloxy, aryloxy, C2-C20 alkoxycarbonyl. CrCao 
alkylthio, CrCjo alkylsulfonyl and CrCao alkylsulfinyl; 

and R^ are independently selected from any unsubstituted or halo-substituted 
alkyi, aryl, aralkyi groups or silicon-containing analogs thereof. 

10 2. A process according to claim 1 wherein the metathesis catalyst is a compound of 
Formula 1. 

3. A process according to claim 2 wherein L and are trialkylphosphines. X and 
are chloride ions and M is ruthenium. 

15 

4. A process according to claim 1 wherein the ratio of catalyst to nitrile rubber is in the 
range of from about 0.005 to about 5. 

5. A process according to claim 4 wherein the ratio of catalyst to nitrile mbber is in the 
20 range of from about 0.025 to about 1 . 

6. A process according to claim 5 wherein the ratio of catalyst to nitrile rubber is in the 
range of from about 0.1 to about 0.5. 

25 7. A process according to claim 1 wherein the co-olefin is a to C^e linear or 
branched olefin. 

8. A process according to claim 7 wherein the co-olefin is selected from the group 
consisting of ethylene, isobutene, styrene and 1-hexene. 

30 

9. A process according to claim 8 wherein the co-olefin is ethylene. 

10. A process according to claim 1 wherein, if the co-olefin is a liquid, the amount 
employed is in the range of from about 1 to about 50 weight %. 

35 
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11. A process according to claim 10 wherein the amount of co-olefin employed is in the 
range of from about 10 to about 30 weight %. 

12. A process according to claim 1 wherein, if the co-olefin is a gas, the amount 
employed is such that the resulting pressure in the reaction vessel is in the range of 
from about 3 to about 3600 psi 

13. A process according to claim 12 wherein. If the co-olefin is a gas, the amount 
employed is such that the resulting pressure in the reaction vessel is in the range of 
from about 1 5 to about 1 500 psi. 

14. A process according to claim 13 wherein the amount of co-olefin employed is in the 
range of fi-om about 75 to about 600. psi. 

15. A process according to claim 1 wherein the process is carried out in an inert solvent 
selected from the group consisting of monochlorobenzene, dichloromethane, 
benzene, toluene, tetrahydrofliran, methyl ethyl ketone and cyclohexane. 

16. A process according to claim 15 wherein the solvent is monochlorobenzene. 

17. A process according to claim 1 wherein the concentration of nitrile rubber is in the 
range of from about 1 to about 40%. 

18. A process according to claim 17 wherein the concentration of nitrile rubber is in the 
range of from about 6 to about 1 5%. 

19. A process according to claim 1 wherein the metathesis reaction is earned out at a 
temperature in the range of from about 20 to about 1 40''C. 

20. A process according to claim 19 wherein the metathesis reaction Is earned out at a 
temperature in the range of from about 60 to about 1 20'»C. 
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Abstract 

A hydrogenated nitrite rubber having lower molecular weights and narrower molecular 
weight distributions than those known In the art can be prepared by the olefin 
5 metathesis of nitrlle butadiene rubber, followed by hydrogenation of the resulting 
metathesised NBR. 


|llfflie/06/eooi |Qi6»i7 |»^t5ia 339 ises 


r ece i ved 


CA 02350280 2001-06-12 , 

JUN-12-01 15:16 Frm : BAYER $ARN I A PATENT DEPT t519-33H523 T-609 P.04/18 Job-504 


Low Molecular Waight Hydr genated Nitrila Rubber 

Field of the Inventjon, 

The present invention relates to hydrogenated nitrile rubber polymers having 
5 lower molecular weights and nanrower molecular weight distributions than those leiown 
in the art. 

Background of the Invention 

IHydrogenated nitrile rubber (HNBR), prepared by the selective hydrogenation of 

10 acrylonitrile-butadldne rubber (nitrila rubber. NBR), is a epeoialty rubber which hae very 
good heat resistance, excellent ozone and chemical resistance, and e)tcellent oil 
resistance. Coupled with the high level of mechanical properties of the rubber {in 
particular the high resistance to abrasion) it Is not surprising that IHNBR has found 
widespread use In the automotive (seals, hoses, bearing pads) oil (stators, well head 

IS seals, valve plates), electrical (cable sheathing), mechanical engineering (wheels, 
rollers) and shipbuilding (pipe seals, couplings) industries, amongst others. 

Commercially available iHNBR has a Mooney viscosity In the range of from about 
55 to about 105, a molecular weight In the range of from about 200.000 to about 
20 600,000. a polydiaperoity greater than 3.0 and a residual double bond (RDB) content in 
the range of from about 1 to about 18% (by IR spectroscopy). 

One limitation in processing HNBR is the relatively high Mooney Viscosity. In 
principle, HNBR having a lower molecular weight and lower Mooney viscosity would 

25 have better processablllty. Attempts have been made to reduce the molecular weight 
of the polymer by mastication (mechanical breakdown)-«nct by-chenTicahnearraifar - 
example, using strong acid), but such methods have the disadvantages that they result 
in the introduction of functional groups (such as carboxylic acid and ester groups) into 
the polymer, and the altering of the microstnjcture of the polymer This results in 

30 unacceptable changes In the properties of the polymer, in addition, trmse types of 
approaches, by their very nature, produce polymers having a broad molecular weight 
distribution. 

A hydrogenated nitrile rubber having a low Mooney (<55) and Improved 
processabiltty, but which has the same mlcrostoicture as those rubbers which are 
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currently available. Is difficult to manufacture using current technologies. The 
hydrogenation of NBR to produce HNBR results In an Increase in the Mooney viscosity 
of the I3W polymer.- Thte -Mooney Increase Ratio (MIR) is g««raSy around 2 
depending upon the polymer grade, hydrogenation level and nature of the feedstock' 
Furthermore, limitations associated with the production of NBR itself dictate the low 
vl«»alty range for the HNBR faad^tock. Currently, one of the towest Mooney viscosity 
pmducta aveilable is Therben VP KA 8837 (available from Bayer), which has a Mooney 
vIsooBlty of about 56 (ML 144 & 100'C) and a RDB of about 18%. 

Karl Zlegler's discovery of the high effectiveness of certain metal salts, in 
combination with main gn^up alKylating agents, to promote olefin polymerteatlon under 
miJd condition, ha, had a signmcant Impact on chemical research and production to 
date. It was discovered early on that some -Zlegler-type" catalysts not only promote the 
pnop«>sed coordination-insertion mechanism but also effect an entirely different 
Chemical process, that Is the mutual exchange (or metathesis) reaction of alkenes () 



< H 
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Figure 1 


20 


25 


>^«'««'e.nemeta.hesls(orADMET)lscatalyzedbyagreatvartetyoftransiti^ 
metal complexes as well as non-metallic systems. Hetarogenaous catalyst systems 

basad on metal oxWes. sulfides or metal safte were Originally used for the mcJ^^^^^ 
olefins. However, the limited stabll«y (especially towards hetero-subetltuents) and the 
lack Of selecuvlty resulting from the numerous active sites and sWe reacltens are major 
drawbacks of the heterogeneous systems. 

Homogeneous systems have also been devised and used to effect olefin 
metathes«. These systems offer significant actMty and control advantages over the 
heterogeneous catalyst systems. For example, certain Rhodium based complexes are 
effective catalysts for the metathesis of electron-rich olefins. 
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The discovery that certain rDetal-alkylidene complexes are capable of catalyzing 
the metathesis of olefins triggered the development of a new generation of well-defined, 
highly acHve, single-site catalyste. Amongst these, Bis-*(tri(^obexylphospbind.)r 
benzylidene ruthenium dichloride (commonly know as Grubb's catalyst) has been 
5 widely used, due to its remarkable insensifa'vity to air and moisture and high tolerance 
towards vartous fUncttonal groups. Unlike the molybdenum-based metathesis catalysts, 
this ruthenium carbene catalyst Is stable to acids, alcohols, aldehydes and quaternary 
amine aalte and can be used in a variety of solvents (CaHa. CH2CI2, THF. f-BuOH). The 
most commonly-used catalysts are based on Mo, W and Ru. 

10 

The use of transitk>n-metal catalyzed alkene metathesis has since enjoyed 
Increasing attention as a synthetic method. Research efforts have been mainly focused 
on the synthesis of small molecules, but the application of olefin metathesis to polymer 
synthesis has allowed the preparation of new polymeric materlai with unprecedented 
1 5 properties (such as highly stereoregular poly-norbomadiene). 

The utillzatton of olefin metathesis as a means to produce low molecular weight 
compounds from unsaturated elastomers has received growing interest. The principle 
for the molecular weight reduction of unsaturated polymer^ m shown in Figure 2. The 

20 use of an appropriate catalyst allows the cmss-metathesis of the unsaturation of the 
polymer with the co-olefin. The end result Is the cleavage of the polymer chain at the 
unsaturation sites and the generation of polymer fragments having lower molecular 
weights. In addition, another effect of this process is the "homogenizing" of the polymer 
chain lengths, resulting in a reductksn of the polydlspersity. From an applicatton and 

23 processing Stand point, a nannow molecular weight distribution of the raw polymer 
results In improved physical properties of the vulcanized rubber, whilst the lower 
molecular weight provides good processing behavior 
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Figure 2 MotathMls of Partially UnwrturatMf Poiymar 

The so-called 'depolymorization" of copolymara of 1 .a-butsdlene with a variety of 
co-monomers (styrene, propane, divinylbenzene and ethyMnylbenzene, acrylonitrile, 
5 vinyitrimethylailane and divinyldimdthylfi|[ane) in the presance of dassical Mo and W 
catalyst system has been investigated. Similariy. the degradation of a nitrile rubber 
using WCI« and SnMe* or PhOCH co-catalyst was reported In 1988. However, the 
focus of such research was to produce only low molecular fragments which could be 
characterized by conventional chemical means and contains no teaching with respect 
10 to the preparation of low molecular weight nitrile mbber polymers. Furthermore, such 
processes are non-controlled and produce a wide range of products. 

The catalytic depolymerization of 1.4-polybutadlene in the presence of 
substituted Olefins or ethylene (as chain transfer agents) in the presence of weU-defined 

15 Qmbb'B or Schnock-s catalysts is also possible. The use of Molybdenum or Tungsten 
compounds of the general stiucturai fbnnula {M(»NR,)(OR,),(=CHR); M = Mo. W} to 
produce low molecular weight polymers or oligomeiv from geUed polymers containing 
intemal unsaturation along the polymer backbone was claimed in US 5.446.102. Again, 
however, the process disclosed Is non-controlled, and there is no teaching with respect 

20 to the preparation of low nrnlecular weight nitrile rubber polymers. 

Summary of tha invflntlpn 

We have now discovered that hydrogenated nitrile mbber having lower molecular 
weights and narrower molecular weight distributions than those known in the art can be 
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prepared by the olefin metathesis of vMb butadiene rubber, followed by hydrogenatlon 
of the resulting metathesised NBR. 

Thus, one aspect of the disclosed Invention is a saturated nitrila rubber having a 
5 molecular weight (Mw) in the range of from about 30,000 to about 250,000, a Mooney 
viscosity (ML 1+4 100) or botwoon about 3 and about 90^ and a MWD (or polydlspersity 
index) of less than about 2.5. 

Pfj^criptian of the Invention 
10 As used throughout this specification, the tenm "nKrlle polymer^ is intended to 

have a broad meaning Qnd is nneant to encompass a copolymer of a conjugated diene 
and an unsaturated nitrile. 

The conjugated diene may be a C4-C6 conjugated diene. Non-limiting examples 
IS of suitable such conjugated dienes may be selected from the group comprising 
butadiene, isoprene, piperylene, 2.3Hdlmethyl butadiene and mixtures thereof. The 
preferred C4-CB conjugated diene may be selected from the group comprising 
butadiene, isoprene and mixtures thereof. The most prefen^d C4-0ft conjugated diene 
is tHJtadiene. 

20 

The unsaturated nitrile may be a Ca-Cg a»p-unsaturated nitrlle. Non-llmiting 
examples of suitable such C3-C0 a,p-unsaturated nitriles may-^e selected -from .the. 
group comprising acfylonltrile, methacrylonitrile, ethacryionitrile and mixtures thereof. 
The most prefarred Cs-Cb a,^unsaturated nitrile is acrylonitrile. 

25 

Preferably, the copolymer comprises from about 40 to about 85 weight percent 
of the copolynier of bound conjugated diene and from about 16 to about 60 weight 
percent of the copolymer of bound unsaturated nitrile. More preferably, the copolymer 
comprises from about 60 to about 75 weight percent of the copolymer of bound 
30 conjugated diene and from about 25 to about 40 weight percent of the copolymer of 
bound unsaturated nitrile. Most preferably, the copolymer comprises from about 60 to 
about 70 weight percent Of the copolymer* of-bound.Gon]ugatBd..diene.and.|pom. about.. .. 
30 to about 40 weight percent of the copolymer of bound unsaturated nitrile. 
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Optionally, the copolymer may further comprise a bound unsaturated carboxyllc 
acid. Non-limiting examples of suitabi such bound unsaturated carboxyllc adds may 
be selected from the group comprising fumarlc acid, maleic acid, acrylic acid, 
methacryllc add and mixtures thereof. The bound unsaturated carboxylic acid may be 
5 present in an amount of from about 1 to about 10 weight percent of the copolymer, with 
this amount displadng a corresponding amount of the conjugated dlolefln. 

Further, a third monomer may be used in production of the nilrlle polymer. 
Preferably, the third monomer is an unsaturated mono- or dl-carboxyllc add or 
10 derivative thereof (e.g..estera. amides arid the like). 

St^1:M9tatheais 

The metathesis reaction can be catalysed by compounds of formula I. II or HI; as 
shown below : 



Fornfiula I 

wherein: 

M is Os or Ru; 

R and R^ are. independently, hydrogen or a hydrocarbon selected from the 
group consWIng.of fV-Cje aUcanyl,.C«:C«,.alkynyl, .C,-Ca alltyl, aryl. c,-g» .cerbpxyi^te. 
C,-Cj, alkoxy. CrCa alkenyloxy, C^^o alkynyloxy. aryloxy, C^Cx alkoxycarbonyl, C,- 
Cjo alkylthio, Ci-C» alkylsulfbnyl and C,-Ca, alkylsulflnyl; 

X and are Independently selected anionic ligands; and 

L and are, independently, ligands aalacted from the group oonsisting of 
phosphines, sulfonated phosphfnes. fluorinated phosphines, functionalized phosphfnes 
having up to three aminoalkyi-, ammoniumalkyi-. alkoxyalkyi-. alkoxylcarbonylalkyK 
hydrocycarbonylalkyi-, hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinltes, 
phosphonftBs. phospiiinamlnes. arfiinas. atibines. ethers, amines, amides. Imlnes. 
suHbxMes, thtoethers and pyridines; optionally. L and can be linked to one another to 
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from a bWontate neutral JIgand wherein at least one of the above-mentioned functional 
groups is present. 


5 wherein: 

is Os orRu; 

and are» Independently, hydrogen or a hydrocarbon selected from the group 
oonaisUng of Cj-Cio elkenyl, C2-C20 alkynyl, CrC» alkyl. aryU C^-C^ carboxylate, C^-Ca, 
alkoxy, C2-C30 alkanyloxy, Cj-C^ alkynytexy, aryfoxy. Cs-Csd alkoxy qerbonyl. CvCaD 
10 alkylthio. C-Cm alkylsulfonyl and C1-C20 alkylsulfinyl; 

is selected from any antonic ligand; and 

is a neutral 7c-bonded llgand. preferably but not limited to arene, substltLjted 
arene, hetemarene. independent of whether they are mono- or polycydic; 

is a ligand selected ftx^m the group consisting of phosphines, sulfonated 
15 phosphines, fluorinated phosphines, functionalized phosphines bearing up to three 
aminoalkyi-. ammoniumalkyi-, all<oxyalKyl% alkoxylcarbonylaikyi-, hydrocycarbonylalkyl-, 
hydroxyalkyl- or ketoalkyi- groups, phosphites, phosphinltes, phosphonltes, 
phosphinamlnes, arsines, stlbenes, ethers, amines, amidee, imines, sulfoxides, 
thioethers and pyddinee; 
20 Y* Is a non-coordinating anion; 



Formula II 


n is an integer in the range of from 0 to 5: 
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II 

N 

\ 


Formula lit 


wherein 


Is MoorW 

R*. ars, Independently, hydrogen or a hydrocarbon selected from the group 
S consisting of G^^*.a!kenyJ,-C^^.a!kyRyJ,x:,.C^aJ!cy^.a^ylc.^ C.-Coo 
alkoxy. Cj-Cao alkenyloxy, Cl-C^ alkynyloxy. aryloxy, C^C^ alkoxycarbonyl, CfCao 
alkylthlo, C,-Cao alkylsulfbnyl and C,-CaD alkylsulfinyl; 

R* and R^ are independently selected from any unsubstituted or haio-substltuted 
alkyl. aryl, aralkyi groups or silicon-containing analogs thereof. 


Catalysts of Formula I are prefenrad. More preferably, catalysts of Formula I 
wherein L and are trialkylphosphines. X and are chloride ions and M Is Ruthenium 
are preferred. 

15 The amount of catalyst employed in the metathesis reactten will depend upon 

the nature and activity of the catalyst In question. Typically, the ratio of catalyst to NBR 
is in the range of from about 0.005 to about 5, preferably In the range of from about 
0.025 to about 1 and. more preferably, in the range of from about 0.1 to about 0,5. 

20 The metathesis reaction Is carried out in the presence of a co-olefin which la a C| 

to C„ linear or branched olefin such as ethylene, isobutene, styrane or l-hoxane. 
Where the co-olofin is a Ikfuid (euch as l-hexene), the amount of co^lefln employed is 
in the range of from about 1 to about 50 weight %; preferably In the range of from about 
10 to about 30 weight %. Where the co-olefm is a gas (such as ethylene) the amount of 

25 co-olefin employed (s such that it results in a pressure in the reaction vessel In the 
rang© of from about 15 to about 1S00 psi, preferably in the ranoe of from about 75 to 
about 600 psi. 
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The metathefils reaction can be carried out in any suitable solvent which does 
not inactivete the oatalyet or otherwise interfere AK^Ith the reaction. Preferred ^Iventfi 
include, but are not limited to, dichloromethane, benzene, toiuene, tetrahydrofuran, 
5 cylcohexane and the lil<e. The most preferred solvent is monochlorobenzene (MCB). 
In certain cases the oo-olefln can itself act as a solvent (for example, l-hexene). in 
which case no other solvent is necessary. 

The concentration of NBR in the reaction mixture is not critical but, obviously. 
10 should be such that the reaction is not hampered if the mixture is too viscous to be 
stirred efficiently, for example. Preferably, ths concentration of NBR is In the range of 
from about 1 to about 20%. most preferably in the range of from about 6 to about 15%, 

The metathesis reaction Is carried out at a temperature in the range of from 
15 about 20 to about 140*»C; preferably in the range of from about 60 to about 120*^. 

The reaction time will depend upon a number of factorst including cement 
concentration, amount of catalyst used and the temperature at which the reaction is 
performed. The metathesis (s complete within the first two hours under typical 
20 conditions. The progress of the metathesis reaction may be monitored by standard 
analytical techniques, for example using 6PC or solution viscosity . 

Step 2: HydrogBmUon 

25 Reduction of the product from the metathesis reaction can be effected using 

standaid reduction techniques. Knawn. in. tbft art. For example,. homog.eneous 
hydrogenation catalysts loiown to those of sicill in the art, such as Wilidnson's catalyst 
{(PPhs^RhCl) and the like can be used. 

30 The hydrogenation may bo parformed In sHu I.e. In the same reaction vessel In 

which the metathesis step is canied out without the need to first isolate the 
metatheslsed product. The hydrogenation catalyst is simply added to the vessel, which 
is ttien treated with hydrogen to produce the HNBK^ 
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Grubb's catalyst, In th presence of hydrogen, i& converted to a dihydrlde 
complex (PRsjzRuClgHg, which is itself an olefin hydrogenation catalyst Thus. In a one- 
pot reaction, Grubb's catalyst was used to reduce the molecular weight of NBR In the 
presence of co-olefin. The reaction mixture was then treated with hydrogen, converting 
5 the Grubb's complex to the dihydride species which then hydrogenated the metathesis 
product to produce the HNBR or the Invention. The rate of nydrogonatlon waa lower in 
this case than In the case where Wilkinson's catalyst waa used for the hydrogenation 
step, but it is cloar that such an approach is Indeed a viable one. 

10 The low Mooney HNBR which forms an object of the Invention can be 

characterized by standard techniques known in the art. For example, the molecular 
weight distribution of the polymer was determined by gel permeation chromatography 
(GPC) using a Waters 2690 Separation Module and a Waters 410 Differential 
Refractometer running Waters Millenium software version 3.05.01, Samples were 

15 dissolved in tetrahydrofuran (THF) stabilised with 0.025% BHT. The columns used for 
the determination were three sequential mixed-B gel column Item Polymer Labs. 
Reference Standards used were polystyrene standarts from American Polymer 
Standards Corp. 

20 The Mooney viscosity of the rubber was detemnined using ASTM test D1 646. 

For a typical product the Mn is about 27k (compared to ask for the starling 
polymer) whilst the Mw is about S4k-{compared to 296k for tho-starting^ polymer). As... 
expected, the molecular weight distribution falls from about 3,4 for the starting 
25 Perbunan MT 3435 T feedstock to about 2.0 for the metathesized product This is 
consistent with a more homogeneous range of polymer chain lengths and molecular 
weights. 

A summary of the polymer properties for selected eampfea is shown in 
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(ML1+4@100) 


Comparativd Thoitian 

90000- 320000-946000 -3.27 

73 

Starting NBR 

86000 206000 039000 3.60 


Experiment 1 

73000 180000 441000 2.50 

43 

Experiment 2 

60000 136000 277000 2.27 

28 

Experiment 3 

31000 50000 08000 1.00 

3 
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Experimental Details 

General 

Trl8(trlphenylphosphine)Rhodiurn Chloride (Wilkinson's hydrogenation catolyet). 
Bis(tricyclohexylphosphlne)benzylidene mthenlum dichloride (Grubb's metathesis 
catalyBl), 1-hexene, triphonylphosphine (TPP) and monochtorobanzene (MCB) were 
purchased from JMI. Alfa, Aldrich Chemicals. Elf Atochem and PPG respecUvely and 
used as received; 

Metathesis 

The metathesis reactions were carried out In a Parr high-pressure reactor under 
the following conditions: 

Cement Concentration 6 or 1 5% 

15 Co-Olefin Ethylene or 1-Hexene 

Co-Olefin Concentration Variable 

Agitator Speed 600 rpm 

Reactor Temperature Variable 

Catalyst Loading (Gmbb's) Variable 
20 Solvent Monochlorobenzena 

Substrate Perbunan NT 3435 T 

Perbunan NT 3429 T 

In a typical lab experiment. 200g of mbbor was dissolved in 1133g of MCB (15% 
25 solid). The cement was then charged to the reactor and degassed 3 times with C2H4 
(100 psi) under full agitation. The reactor was heated to desired temperature and 60mU 
of a monoohlorobenzene solution containing Grubb's catalyst was added to the reactor. 

U 
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The temperature was maintained constant for the duration of the reaction. A cooling 
coil connected to a temperature controller and a thermal sensor was used to regulate 
the temperature. The progress of the reaction was monitored using solution viscosity 
measurements for the 6% cements. At higher cement concentration^ the reaction was 
assumed to be complete after 18 hours. 

Hyarogefmtion 

The hydrogenatibn reactions were earned out in the same reactor as the 
metathesis under the Miowing conditions: 


10 


Cement solid concBTrtrHtion 12% 

HjCq) pressure 1200 psi 

Agitator Speed 600 rpm 

Reactor Temperature las'^C 

15 Catalyst Loading (Wilkinson's) 0.08 phr 

Triphenylphosphlne 1 phr 

Soivenl Monochlorobenzene 

In a typical lab experiment, the cement from the metathesis reaction was 
20 degassed 3 times with H« (100 psI) under full agitation. The temperature of the reactor 
was raised to ISO'^C and a 60mL nrwnochlorobenzeno solution containing Wlllcinson's 
catalyst and trfphenylphosphine was added to the reactor. The temperature was 
allowed to Increase to IZQ^'C and maintained constant for the duration of the reaction. 
The hydrogenation reaction was nwnitored by measuring the residual double bond 
25 (RDB) level at various Inten/als using IR spectroscopy. 

Alternetively, the Ruthenium metathesis catalyst can be used to hydrogenate the 
polymer. 
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Clalnuft 

1. A hydrogenated nitiile rubber having a molecular weight .(M^) in the range of from 
about 30,000 to about 250,000 and a polydlsperslty index of less than about 2.5. 

5 

2. A hydrogenated nitrile rubber according to claim 1 wherein the molecular weight 
(Mw) Is In the range of from about 40.000 to about 220,000. 

3. A hydrogenated nitrile oibber according to claim 2 wherein the molecular weight 
1 0 (Mw) Is In the range of from about 55.000 to about 1 90,000. 

4. A hydrogenated nitrile rubber according to claim 1 wherein the polydispersity Index 
is less than atx}ut 2.3. 

15 5. A hydrogenated nitrile rubber according to claim 1 whersin the polydispersity Index 
is less than about 2.1 - 

6. A hydrogenated nitdle rubber according to claim 1 wherein the mbber has a Mooney 
viscosity (ML 1'«-4 100) of less than about 55. 

20 

7. A hydrogenated nitrile rubber according to dalm 6 wherein the rubber has a Mooney 
viscosity (ML 1-t4 100) of less than about 45. 

8. A hydrogenated nitrile mbber according to claim 1 wherein the rubber has a Mooney 
25 viscosity (ML 1 +4 1 00) of less than about 35. 

9. A hydrogenated nitrile rubber according to claim 1 wherein the aibber has a Mooney 
viscosity (ML 1+4 100) of less than about 30. 

30 10. A hydrogenated nitrile rubber according to claim 1 wnerein the rubber has a Mooney 
viscosity (ML 1 -K 1 00) of less than about 5. 

11. A hydrogenated nitrile rubber having a Mooney viscosity (ML 1+4 100) of less than 
about 50. 

35 
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12. A hydrogenated nitrile rubber according to claim 11 having a Mooney viscosity (ML 
1 44 1 00) of less than about 45. 

13. A hydrogenated nitrite rubber according to claim 12 having a Mooney viscosity (ML 
5 1-M 100) Of less than about 30. 

14. A hydrogenated nttnia rubber according to dalm 13 having a Mooney visoosity (i^L 
1-K 100) of less than about 5. 

0 IB. The use of a hydrogenated nKrila rubber according to claim 1 in the manufacture of 
a seal. hose, bearing pad, stator. well head seal, valve plate, cable sheathing, 
wheel, roller or pipe seal. 
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A hydrogenated nitrile rubber having lower molecular weights and narrower molecular 
weight distributions than those known in the art can be prepared by the olefin 
5 metathesis of nitrile butadiene rubber, followed by hydrogenation of the resulting 
metathesised NBR. 
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Proc ss for th Preparation of Low Molecular Weight Hydrogenated Nitrite 

Rubber 

Field of the Invention. 

5 The present invention relates to hydrogenated nitrile rubber polymers having 

lower molecular weights and narrower molecular weight distributions than those known 
in the art. 

Backoround of the Invention 

10 Hydrogenated nitrile mbber (HNBR), prepared by the selective hydrogenation of 

acrylonitrile-butadiene rubber (nitrile rubber; NBR), Is a specialty rubber which has very 
good heat resistance, excellent ozone and chemical resistance, and excellent oil 
resistance. Coupled with the high level of mechanical properties of the rubber (in 
particular the high resistance to abrasion) it is not surprising that HNBR has found 

IS widespread use in the automotive (seals, hoses, bearing pads) oil (stators, well head 
seals, valve plates), electrical (cable sheathing), mechanical engineering (wheels, 
rollers) and shipbuilding (pipe seals, couplings) industries, amongst others. 

Commercially available HNBR has a Mooney viscosity in the range of from about 
20 55 to about 105, a molecular weight in the range of from about 200,000 to about 
500,000, a polydispersity greater than 3.0 and a residual double bond (RDB) content in 
the range of from about 1 to about 18% (by IR spectroscopy). 

One limitation in processing HNBR is the relatively high Mooney Viscosity. In 
25 principle, HNBR having a lower molecular weight and lower Mooney viscosity would 
have better processability. Attempts have been made to reduce the molecular weight 
of the polymer by mastication (mechanical breakdown) and by chemical means (for 
example, using strong acid), but such methods have the disadvantages that they result 
in the introduction of functional groups (such as carboxylic acid and ester groups) into 
30 the polymer, and the altering of the microstructure of the polymer. This results in 
unacceptable changes in the properties of the polymer. In addition, these types of 
approaches, by their very nature, produce polymers having a broad molecular weight 
distribution. 
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10 


A hydrogenated nitrile rubber having a low Mooney (<55) and Improved 
processabllity. but which has the same microstructure as those rubbers which are 
currently available, is difficult to manufacture using current technologies. The 
hydrogenation of NBR to produce HNBR results in an increase In the Mooney viscosity 
of the raw polymer. This ly^ooney Increase Ratio (MIR) is generally around 2, 
depending upon the polymer grade, hydrogenation level and nature of the feedstock. 
Furthennore, limitations associated with the production of NBR itself dictate the low 
viscosity range for the HNBR feedstock. Currently, one of the lowest Mooney viscosity 
products available is Therban VP KA 8837 (available from Bayer), which has a Mooney 
viscosity of about 55 (ML 1 +4 @ 1 0OX) and a RDB of about 1 8%. 


15 


Karl Ziegler-s discovery of the high effectiveness of certain metal salts, in 
combination with main group alkylating agents, to promote olefin polymerization under 
mild conditions has had a significant Impact on chemical research and production to 
date. It was discovered eariy on that some "Ziegler-type" catalysts not only promote the 
proposed coordination-Insertion mechanism but also effect an entirely different 
chemical process, that is the mutual exchange (or metathesis) reaction of alkenes. 


R^=r2 

^ Catalyst 

R=R 


Figure 1 


Acyclic diene metathesis (or ADMET) is catalyzed by a great variety of transition 
metal complexes as well as non-metallic systems. Heterogeneous catalyst systems 
based on metal oxides, sulfides or metal salts were originally used for the metathesis of 
olefins. However, the limited stability (especially towards hetero-substituents) and the 
lack of selectivity resulting from the numerous active sites and side reactions are major 
drawbacks of the heterogeneous systems. 

Homogeneous systems have also been devised and used to effect olefin 
metathesis. These systems offer significant activity and control advantages over the 


2 
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heterogeneous catalyst systems. For example, certain Rhodium based complexes are 
effective catalysts for the metathesis of electron-rich olefins. 

The discovery that certain metal-aikylidene complexes are capable of catalyzing 
5 the metathesis of olefins triggered the development of a new generation of well-defined, 
highly active, single-site catalysts. Amongst these, Bis-(tricyclohexylphosphine)- 
benzylidene mthenium dichloride (commonly know as Grubb's catalyst) has been 
widely used, due to its remarkable insensitivity to air and moisture and high tolerance 
towards various functional groups. Unlike the molybdenum-based metathesis catalysts, 
10 this mthenium carbene catalyst is stable to acids, alcohols, aldehydes and quaternary 
amine salts and can be used in a variety of solvents (CqHs. CH2CI2. THF, f-BuOH). The 
most commonly-used catalysts are based on Mo, W and Ru. 

The use of transition-metal catalyzed alkene metathesis has since enjoyed 
15 increasing attention as a synthetic method. Research efforts have been mainly focused 
on the synthesis of shnall molecules, but the application of olefin metathesis to polymer 
synthesis has allowed the preparation of new polymeric material with unprecedented 
properties (such as highly stereoregular poly-norbomadiene). 

20 The utilization of olefin metathesis as a means to produce low molecular weight 

compounds from unsaturated elastomers has received growing interest. The principle 
for the molecular weight reduction of unsaturated polymers is shown in Figure 2. The 
use of an appropriate catalyst allows the cross-metathesis of the unsaturation of the 
polymer with the co-olefin. The end result is the cleavage of the polymer chain at the 

25 unsaturation sites and the generation of polymer fragments having lower molecular 
weights. In addition, another effect of this process is the "homogenizing" of the polymer 
chain lengths, resulting in a reduction of the polydispersity. From an application and 
processing stand point, a narrow molecular weight distribution of the raw polymer 
results in improved physical properties of the vulcanized rubber, whilst the lower 

30 molecular weight provides good processing behavior. 
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Figure 2 Metathesis of Partialiy Unsaturated Polymer 

The so-called "depolymerization" of copolymers of 1 ,3-butadlene with a variety of 
co-monomers (styrene, propene, divlnylbenzene and ethylvinylbenzene, acrylonitriie, 
vinyltrimethylsllane and divinyldlmethylsilane) in the presence of classical IVlo and W 
catalyst system has been investigated. Similarly, the degradation of a nitrile rubber 
using WCIg and SnMe4 or PhC^CH co-catalyst was reported in 1988. However, the 
focus of such research was to produce only low molecular fragments which could be 
characterized by conventional chemical means and contains no teaching with respect 
to the preparation of low molecular weight nitrile rubber polymers. Furthennore. such 
processes are non-controlled and produce a wide range of products. 

The catalytic depolymerization of 1,4-polybutadiene in the presence of 
substituted olefins or ethylene (as chain transfer agents) in the presence of well-defined 
Grubb's or Schrock's catalysts is also possible. The use of l^olybdenum or Tungsten 
compounds of the general structural formula {M(=NRi)(OR2)2(=CHR); M - Mo, \N) to 
produce low molecular weight polymers or oligomers from gelled polymers containing 
internal unsaturation along the polymer backbone was claimed in US 5,446,102. Again, 
however, the process disclosed is non-controlled, and there is no teaching with respect 
to the preparation of low molecular weight nitrile rubber polymers. 

Summary of the Invention 

We have now discovered that hydrogenated nitrile rubber having lower molecular 
weights and narrower molecular weight distributions than those known in the art can be 
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prepared by the olefin metathesis of nitrile butadiene rubber, followed by hydrogenation 
of the resulting metathesised NBR. 

Thus, one aspect of the disclosed invention is a saturated nitrile rubber having a 
5 molecular weight (Mw) in the range of from about 30,000 to about 250,000, a Mooney 
viscosity (ML 1+4 100) of between about 3 and about 50, and a MWD (or polydispersity 
index) of less than about 2.5. 

Description of the Invention 
10 As used throughout this specification, the term "nitrile polymer" is intended to 

have a broad meaning and is meant to encompass a copolymer of a conjugated diene 
and an unsaturated nitrile. 

The conjugated diene may be a C4-C6 conjugated diene. Non-limiting examples 
IS of suitable such conjugated dienes may be selected from the group comprising 
butadiene, isoprene, piperylene, 2,3-dimethyl butadiene and mixtures thereof. The 
prefen-ed C4-C6 conjugated diene may be selected from the group comprising 
butadiene, isoprene and mixtures thereof- The most preferred C4-C6 conjugated diene 
is butadiene. 

20 

The unsaturated nitrile may be a C3-C5 a,p-unsaturated nitrile. Non-limiting 
examples of suitable such C3-C5 a,p-unsatu rated nitriles may be selected from the 
group comprising acrylonitrile, methacrylonitrile, ethacrylonitrile and mixtures thereof. 
The most preferred C3-C5 a,p-unsaturated nitrile is acrylonitrile. 

25 

Preferably, the copolymer comprises from about 40 to about 85 weight percent 
of the copolymer of bound conjugated diene and from about 15 to about 60 weight 
percent of the copolymer of bound unsaturated nitrile. More preferably, the copolymer 
comprises from about 60 to about 75 weight percent of the copolymer of bound 
30 conjugated diene and from about 25 to about 40 weight percent of the copolymer of 
bound unsaturated nitrile. Most preferably, the copolymer comprises from about 60 to 
about 70 weight percent of the copolymer of bound conjugated diene and from about 
30 to about 40 weight percent of the copolymer of bound unsaturated nitrile. 


5 
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Optionally, the copolymer may further comprise a bound unsaturated carboxylic 
acid. Non-limiting examples of suitable such bound unsaturated carboxylic acids may 
be selected from the group comprising fumaric acid, maleic acid, acrylic acid, 
methacrylic acid and mixtures thereof. The bound unsaturated carboxylic acid may be 
5 present in an amount of from about 1 to about 10 weight percent of the copolymer, with 
this amount displacing a corresponding amount of the conjugated diolefin. 

Further, a third monomer may be used in production of the nitrlle polymer. 
Preferably, the third monomer is an unsaturated mono- or dl-carboxylic acid or 
1 0 derivative thereof (e.g. , esters, amides and the like). 

Step 1: Metathesis 

The metathesis 
shown below : 

15 


Formula I 

wherein: 

M is Os or Ru; 

R and R^ are. independently, hydrogen or a hydrocarbon selected from the 
20 group consisting of C^-C^o alkenyl. C^-C^^ alkynyl, C.-C^ alkyl. aryl. 0,-0^ carboxylate. 
C,-C2o alkoxy, C^-C^ alkenyloxy, C2-C20 alkynyloxy. aryloxy. C^-C^o alkoxycarbonyl. C,- 
C20 alkylthio, Ci-Cjo alkylsulfonyl and C1-C20 aikylsulfi'nyl; 

X and X^ are independently selected anionic ligands; and 
L and are, independently, ligands selected from the group consisting of 
25 phosphines, sulfonated phosphines, fluorinated phosphines, functionallzed phosphines 
having up to three aminoalkyi-, ammoniumalkyi-, alkoxyalkyi-. alkoxylcarbonylalkyi-, 
hydrocycarbonylalkyi-, hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, 
phosphonites, phosphinamines, arsines, stibines, ethers, amines, amides, Imines. 
sulfoxides, thioethers and pyridines; optionally. L and can be linked to one another to 

6 


reaction can be catalysed by compounds of fonmula I. II or III; as 


X' I, ^R< 
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from a bidentate neutral ligand wherein at least one of the above-mentioned functional 
groups is present. 


5 wherein: 

IVI^ is Os or Ru; 

and R^ are, independently, hydrogen or a hydrocarbon selected from the group 
consisting of C2-C20 alkenyl, Cj-Cjo alkynyl, C1-C20 alkyi, aryl. C1-C20 carboxylate, C.-C^o 
alkoxy, C2-C20 alkenyloxy, C2-C20 alkynyloxy, aryloxy, Cj-Cjo alkoxycarbonyl. C,-C2o 
10 alkylthio, C1-C20 alkylsulfonyl and C1-C20 alkylsulfinyl; 

is selected from any anionic ligand; and 

is a neutral ji-bonded ligand, preferably but not limited to arene, substituted 
arene, heteroarene, independent of whether they are mono- or polycyclic; 

is a ligand selected from the group consisting of phosphines. sulfonated 
IS phosphines, fluorinated phosphines, functionalized phosphines bearing up to three 
aminoalkyi-, ammoniumalkyi-, alkoxyalkyi-, alkoxylcarbonylalkyi-, hydrocycarbonylalkyi-, 
hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, phosphonites, 
phosphlnamlnes. arslnes, stibenes, ethers, amines, amides, imines. sulfoxides, 
thioethers and pyridines; 
20 is a non-coordinating anion; 



Formula II 


n is an integer in the range of from 0 to 5; 
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I / 

0R% — M^=C 


\ 


N 

V 

Formula ill 

wherein • ' - . 

is Mo or W 

R*. are, independently, hydrogen or a hydrocarbon selected from the group 
consisting of C^-C^ alkenyl, C^-C^o alkynyl, C,-C^ alkyl. aryl. C,-C^ carboxylate, C,-C^ 
alkoxy, C^-C^,, alkenyloxy, C2-C^ alkynyloxy. aryloxy. CrCjo alkoxycarljonyl. C^-Ca, 
alkylthio, C1-C20 alkylsulfonyi and C,-C2o alkylsulfinyl; 

and are independently selected from any unsubstituted or halo-substituted 
alkyl, aryl, aralkyi groups or silicon-containing analogs thereof. 


Catalysts of Formula I are prefen-ed. More preferably, catalysts of Formula I 
wherein L and are trialkylphosphines, X and X' are chloride ions and M is Ruthenium 
are preferred. 


The amount of catalyst employed in the metathesis reaction will depend upon 
the nature and activity of the catalyst in question. Typically, the ratio of catalyst to NBR 
is in the range of from about 0.005 to about 5, preferably in the range of from about 
0.025 to about 1 and, more preferably, in the range of from about 0.1 to about 0.5. 

The metathesis reaction is carried out in the presence of a co-olefin. The co- 
olefin may be a hydrocarbon or it may be functionalised, with the caveat that it should 
not inactivate the metathesis catalyst or otherwise interfere with the reaction. Preferred 
olefins include, but are not limited to. Cj to linear or branched olefins such as 
ethylene, isobutene, styrene or 1-hexene. Where the co-olefin Is a liquid (such as 1- 
hexene), the amount of co-olefin employed is in the range of from about 1 to about 50 
weight %; preferably in the range of from about 10 to about 30 weight %. Where the 
co-olefin is a gas (such as ethylene) the amount of co-olefin employed is such that it 
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results in a pressure in the reaction vessel in the range of from about 3 to about 3600 
psi, preferably in the range of from about 15 to about 1500 psi and. more preferably, in 
the range of from about 75 to about 600 psi. 

S The metathesis reaction can be carried out in any suitable solvent which does 

not inactivate the catalyst or othenvise interfere with the reaction. Preferred solvents 
include, but are not limited to, dichloromethane, benzene, toluene, tetrahydrofuran, 
methyl ethyl ketone, cylcohexane and the like. The most prefen-ed solvent is 
monochlorobenzene (MCB). In certain cases the co-olefin can itself act as a solvent 

10 (for example, 1-hexene), in which case no other solvent is necessary. 

The concentration of NBR in the reaction mixture is not critical but, obviously, 
should be such that the reaction is not hampered if the mixture is too viscous to be 
stirred efficiently, for example. Preferably, the concentration of NBR is in the range of 
15 from about 1 to about 40%, most preferably in the range of from about 6 to about 1 5%. 

The metathesis reaction Is canied out at a temperature in the range of from 
about 20 to about 140°C; preferably in the range of from about 60 to about 120°C. 

20 The reaction time will depend upon a number of factors, including cement 

concentration, amount of catalyst used and the temperature at which the reaction is 
performed. The metathesis is complete within the first two hours under typical 
conditions. The progress of the metathesis reaction may be monitored by standard 
analytical techniques, for example using GPC or solution viscosity . 

25 

Step 2: Hydrogenation 

Reduction of the product from the metathesis reaction can be effected using 
standard reduction techniques known in the art. For example, homogeneous 
30 hydrogenation catalysts known to those of skill in the art, such as Wilkinson's catalyst 
{(PPh3)3RhCI} and the like can be used. 

Processes for the hydrogenation of NBR are known and may also be used for 
the production of the hydrogenation products according to the invention. Rhodium or 
35 titanium is generally used as the catalyst, although platinum, iridium, palladium, 
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rhenium, ruthenium, osmium, cobalt or copper in the form of the metals, but preferably 
in the fomi of metal compounds, may also be used, cf. for example US 3,700,637; DE- 
PS 2,539,132; EP 134 023; DE-OS 35 41 689; DE-OS 35 40 918; EP-A 298 386; DE- 
OS 35 29 252; DE-OS 34 33 392; US 4,464,515; and US 4,503,196. 

Suitable catalysts and solvents for hydrogenation in homogeneous phase are 
described in the following, and in GB 1558491 of Bayer AG and In EP 471,250, 
previously incorporated herein by reference. It is not intended to restrict the catalysts 
and solvents for hydrogenation useful for the invention, and these are provided only by 
way of example. 

The selective hydrogenation can be achieved by means of a rhodium- 
containing catalyst. The prefened catalyst is of the fomnula: 

{R«mB),RhX^n 

in which each R' is a Ci-Cg-alkyI group, a C4-C8-cycloalkyl group a Ce-Cig-aryl group or 
a C7-Ci5-aralkyi group, B is phosphoms, arsenic, sulfur, or a sulphoxide group S=0, 
is hydrogen or an anion, preferably a halide and more preferably a chloride or bromide 
ion, lis 2, 3 or 4, m is 2 or 3 and n Is 1 , 2 or 3, preferably 1 or 3. Preferred catalysts are 
tris-(triphenylphosphine>rhodium(l)-chloride, tris(triphenylphosphine)-rhodium(lll)- 
chloride and tris-(dimethylsulphoxide)-rhodium(lll)-chloride, and tetrakis- 
(triphenylphosphine)-rhodium hydride of formula ((C6H5)3P)4RhH, and the corresponding 
compounds in which triphenylphosphine moieties are replaced by tricyclohexyl- 
phosphine moieties. The catalyst can be used in small quantities. An amount in the 
range of 0.01 to 1.0% preferably 0.03% to 0.5%, most preferably 0.1% to 0.3% by 
weight based on the weight of polymer is suitable. 

It is known to use the catalyst with a co-catalyst that Is a ligand of fonnula 
R'mB, where R, m and B are as defined above, and m is preferably 3. Preferably B is 
phosphorus, and the R groups can be the same or different. Thus there can be used a 
triaryl, trialkyi, tricycloalkyi, diaryl monoalkyi, dialkyi monoaryl diaryl monocycloalkyi, 
dialkyi monocycloalkyi. dicycloalkyi monoaryl or dicycloalkyi monoaryl co-catalysts. 
Examples of co-catalyst ligands are given in US Patent No 4,631 ,315, the disctosure of 
which is incorporated by reference. The preferred co-catalyst ligand is 
triphenylphosphine. The oo-catalyst ligand is preferably used in an amount in the range 
0.3 to 5%, more preferably 0.5 to 4% by weight, based on the weight of the copolymer. 

10 
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Preferably also the weight ratio of the rhodium-containing catalyst compound to co- 
catalyst is in the range 1:3 to 1:55, more preferably in the range 1:5 to 1:45. The 
weight of the co-catalyst, based on the weight of one hundred parts of rubber, Is 
suitably in the range 0.1 to 33. more suitably 0.5 to 20 and preferably 1 to 5, most 
5 preferably greater than 2 to less than 5. 

The hydrogenation may be performed /n situ i.e. in the same reaction vessel in 
which the metathesis step is carried out, without the need to first isolate the 
metathesised product. The hydrogenation catalyst is simply added to the vessel, which 
is then treated with hydrogen to produce the HNBR. 

10 

Grubb's catalyst, in the presence of hydrogen, is converted to a dihydride 
complex (PR3)2RuCl2H2, which is itself an olefin hydrogenation catalyst. Thus, in a one- 
pot reaction, Gmbb's catalyst was used to reduce the molecular weight of NBR in the 
presence of co-olefin. The reaction mixture was then treated with hydrogen, converting 
15 the Grubb's complex to the dihydride species which then hydrogenated the metathesis 
product to produce the HNBR of the invention. The rate of hydrogenation was lower in 
this case than in the case where Wilkinson's catalyst was used for the hydrogenation 
step, but it is clear that such an approach is indeed a viable one. 

20 The low Mooney HNBR which fonns an object of the invention can be 

characterized by standard techniques known in the art. For example, the molecular 
weight distribution of the polymer was detemnined by gel penneation chromatography 
(GPC) using a Waters 2690 Separation Module and a Waters 410 Differential 
Refractometer running Waters Millenium software version 3.05.01. Samples were 

25 dissolved in tetrahydrofuran (THF) stabilised with 0.025% BHT. The columns used for 
the detennination were three sequential mixed-B gel column from Polymer Labs. 
Reference Standards used were polystyrene standards from American Polymer 
Standards Corp. 

30 The Mooney viscosity of the aibber was detemnined using ASTM test D1646. 

For a typical product the Mn is about 27k (compared to 85k for the starting 
polymer) whilst the Mw is about 54k (compared to 296k for the starting polymer). As 
expected, the molecular weight distribution falls from about 3.4 for the starting 

11 
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Perbunan NT 3435 T feedstock to about 2.0 for the metathesized product. This is 
consistent with a niore homogeneous range of polymer chain lengths and molecular 
weights. 

5 A summary of the polymer properties for selected samples is shown in Table 1. 

The GPC results show up to a fivefold reduction in Mw and a narrowing of the 
polydisperslty index to a minimum of about 1.90. 

Table 1 Summary of Polymer Properties 


MN MW MZ PDI IVIooney Viscosity 

(ML 1+4 @ 100) 


Comparative Therban 

98000 320000 945000 3.27 

73 

Starting NBR 

85000 296000 939000 3.50 


Experiment 1 

73000 189000 441000 2.59 

43 

Experiment 2 

60000 136000 277000 2.27 

28 

Experiment 3 

31000 59000 98000 1.90 

3 


Experimental Details 

General 

Tris(triphenylphosphine)Rhoclium Chloride (Wilkinson's hydrogenation catalyst), 
Bis(tricyclohexylphosphine)benzylidene ruthenium dichloride (Grubb's metathesis 
catalyst), 1-hexene, triphenylphosphlne (TPP) and monochlorobenzene (MCB) were 
purchased from JMI. Alfa, Aldrich Chemicals, Elf Atochem and PPG respectively and 
used as received. 

Metathesis 

The metathesis reactions were carried out in a Parr high-pressure reactor under 
the following conditions: 

Cement Concentration 6 or 15% 

Co-Olefin Ethylene or 1-Hexene 

Co-Olefin Concentration Variable 

Agitator Speed 600 rpm 


12 
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Reactor Temperature 
Catalyst Loading (Grubb's) 
Solvent 
Substrate 


Variable 
Variable 

Monochlorobenzene 
Perbunan NT 3435 T 
Perbunan NT 3429 T 


In a typical lab experiment. 200g of rubber was dissolved in 1 133g of MCB (15% 
solid). The cement was then charged to the reactor and degassed 3 times with C2H4 
(100 psi) under full agitation. The reactor was heated to desired temperature and 60mL 

10 of a monochlorobenzene solution containing Grubb's catalyst was added to the reactor. 
The temperature was maintained constant for the duration of the reaction. A cooling 
coil connected to a temperature controller and a thenmal sensor was used to regulate 
the temperature. The progress of the reaction was monitored using solution viscosity 
measurements for the 6% cements. At higher cement concentration, the reaction was 

15 assumed to be complete after 1 8 hours. 


20 


Hydrogenation 

The hydrogenation reactions were canied out in the same reactor as the 
metathesis under the following conditions: 


Cement solid concentration 1 2% 

H2(g) pressure 1200 psi 

Agitator Speed 600 rpm 

Reactor Temperature 1 38*C 

25 Catalyst Loading (Wilkinson's) 0.08 phr 

Triphenylphosphine 1 phr 

Solvent Monochlorobenzene 

In a typical lab experiment, the cement from the metathesis reaction was 
30 degassed 3 times with H2 (100 psi) under full agitation. The temperature of the reactor 
was raised to 130X and a 60mL monochlorobenzene solution containing Wilkinson's 
catalyst and triphenylphosphine was added to the reactor. The temperature was 
allowed to increase to 138X and maintained constant for the duration of the reaction. 
The hydrogenation reaction was monitored by measuring the residual double bond 
35 (RDB) level at various intervals using IR spectroscopy. 

13 
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Alternatively, the Ruthenium metathesis catalyst can be used to hydrogenate the 
polymer. In such an in situ process the metathesis catalyst, upon treatment with 
hydrogen, is converted to a compound which can act as a hydrogenation catalyst. 

5 
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Claims 


1. A process for the preparation of a hydrogenated nitrite mbber comprising the steps 
of: 


a) subjecting a nitrile rubber to metathesis in the presence of a co-olefin and a 
catalyst selected from the group consisting of Formula I. II and III 


10 wherein: 

M is Os or Ru; 

R and R^ are, independently, hydrogen or a hydrocartx)n selected from the 
group consisting of C2-C20 alkenyl, C2-C20 alkynyl, C-Cm alkyi, aryl, Ci-Ca carboxylate. 
C-Czo alkoxy, Cj-Cjo alkenyloxy, C2-C20 alkynyloxy, aryloxy, C2-C20 alkoxycarbonyl, C,- 
15 C20 alkylthio, C.-Czo alkylsulfonyl and C1-C20 alkylsulfinyl; 

X and X^ are independently selected anionic ligands; and 

L and C are, independently, ligands selected from the group consisting of 
phosphines, sulfonated phosphines, fluorinated phosphines, functionalized phosphines 
having up to three aminoalkyi-, ammoniumalkyi-, alkoxyalkyi-, alkoxylcarbonylalkyi-, 
20 hydrocycarbonylalkyi-. hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, 
phosphonites, phosphinamines, arsines, stibines, ethers, amines, amides, imines, 
sulfoxides, thioethers and pyridines; optionally, L and can be linked to one another to 
from a bidentate neutral ligand wherein at least one of the above-mentioned functional 
groups is present ; 


5 



Formula I 


25 


CA 02357465 2001-09-18 



Formula II 

wherein: 
is Os or Ru; 

and R^ are, independently, hydrogen or a hydrocarbon selected from the group 
5 consisting of C2-C20 allcenyl, C2-C20 alkynyl, C1-C20 alkyl. aryl, C^-Cao carboxylate. C1-C20 
alkoxy, C2-C20 alkenyloxy, C2-C20 alkynyloxy, aryloxy, Cz-Cjo alkoxycarbonyl, C^-Cjo 
alkylthio, C^-C2o alkylsulfonyl and C^Cso alkylsulfinyl; 
is selected from any anionic ligand; and 

is a neutral jc-bonded ligand. preferably but not limited to arene, substituted 
10 arene, heteroarene, independent of whether they are mono- or polycyclic; 

is a ligand selected from the group consisting of phosphines, sulfonated 
phosphines, fluorinated phosphines, functionalized phosphines bearing up to three 
aminoalkyi-, ammoniumalkyi-, alkoxyaikyi-, alkoxylcarbonylaikyi-, hydrocycarbonylalkyi-, 
hydroxyalkyi- or ketoalkyi- groups, phosphites, phosphinites, phosphonites, 
IS phosphinamlnes, arsines, stibenes, ethers, amines, amides, imines, sulfoxides, 
thioethers and pyridines; 

Y" is a non-coordinating anion; 

n is an integer in the range of from 0 to 5; 



Formula III 
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wherein 

is Mo orW 

R'*, are, independently, hydrog n or a hydrocarbon selected from the group 
consisting of C2-C20 alkenyl, C2-C20 alkynyl, C1-C20 alkyi, aryl, C^-C^ carboxylate, CrCio 
5 alkoxy, C2-C20 alkenyloxy. C2-C20 alkynyloxy. aryloxy, C2-C20 alkoxycarbonyl, CrCzo 
alkylthio, C.-C^o alkylsulfonyl and CrCjo alkylsulfinyl; 

R® and R^ are Independently selected from any unsubstituted or halo-substituted 
alkyI, aryl, aralkyi groups or silicon-containing analogs thereof. 

10 and 

b) hydrogenating the product of the metathesis reaction. 

2. A process according to claim 1 wherein the hydrogenation is performed under 
1 5 homogeneous catalytic conditions. 

3. A process according to claim 2 wherein the homogeneous catalytic reduction is 
earned out in situ\ that is, without first isolating the product of step a). 

20 4. A process according to claim 1 wherein the compound selected from the group 
consisting of Fonmula I, II and III can act as both a metathesis catalyst and a 
hydrogenation catalyst precursor. 

5. A process according to claim 1 wherein the metathesis catalyst is a compound of 
25 Formula I. 

6. A process according to claim 5 wherein L and U are trialkylphosphines, X and 
are chloride ions and M is ruthenium. 

30 7. A process according to claim 1 wherein the ratio of catalyst to nitrile rubber is in the 
range of from about 0.005 to about 5. 

8. A process according to daim 7 wherein the ratio of catalyst to nitrile rubber is in the 
range of from about 0.025 to about 1 . 

35 
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9. A process according to claim 8 wherein the ratio of catalyst to nitrile rubber is in the 
range of from about 0.1 to about 0.5. 

10. A process according to claim 1 wherein the co-olefin is a to C^^ linear or 
branched olefin. 

11. A process according to claim 10 wherein the co-olefin is selected from the group 
consisting of ethylene, isobutene. styrene and 1-hexene. 

12. A process according to claim 1 1 wherein the co-olefin is ethylene. 

13. A process according to claim 1 wherein, if the co-olefin is a liquid, the amount 
employed is in the range of from about 1 to about 50 weight %. 

14. A process according to claim 13 wherein the amount of co-olefin employed is in the 
range of from about 10 to about 30 weight % 

15. A process according to claim 1 wherein, if the co-olefin is a gas, the amount 
employed is such that the resulting pressure in the reaction vessel Is In the range of 
fi-om about 3 to about 3600 psi. 

16. A process according to claim 15 wherein, if the co-olefin is a gas, the amount 
employed is such that the resulting pressure in the reaction vessel is in the range of 
from about 15 to about 1500 psi. 

17. A process according to claim 16 wherein the amount of co-olefin employed is in the 
range of from about 75 to about 600 psi. 

18. A process according to claim 1 wherein the process is earned out in an inert solvent 
selected from the group consisting of monochlorobenzene, dichloromethane. 
benzene, toluene, tetrahydrofuran and cyclohexane. 

19. A process according to claim 18 wherein the solvent is monochlorobenzene. 


18 


CA 02357465 2001-09-18 

20. A process according to claim 1 wherein the concentration of nitrile rubber is in the 
range of from about 1 to about 20%. 

21. A process according to claim 20 wherein the concentration of nitrile rubber is in the 
range of from about 6 to about 15%. 

22. A process according to claim 1 wherein the metathesis reaction is earned out at a 
temperature in the range of from about 20 to about 140^C. 

23. A process according to claim 22 wherein the metathesis reaction is carried out at a 
temperature in the range of from about 60 to about 120^C. 

24. A process according to claim 2 wherein the hydrogenation is carried out using a 
catalyst of formula : 

(R^mB),RhX^n 

wherein each is independently selected from the group consisting of a Ci-Ca-alkyI 
group, a C4-C8-cycloalkyl group, a Ce-Cig-aryl group and a Cy-Cig-aralkyl group; 

B is selected from the group consisting of phosphorus, arsenic, sulfur, and a sulphoxide 
group (S=0) : 

is selected from the group consisting of hydrogen and an anion; and 
I is 2, 3 or 4, m is 2 or 3 and n is 1, 2 or 3. 

25. A process according to claim 24 wherein the hydrogenation catalyst is (PPh3)3RhCI. 
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Abstract 

A low-molecular weight nitrlla rubber having narrowar molecular weight distributions 
than those known in the art can be prepared by olefin metathesis. 
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~- - UwM lecularWolahtNitril Rubber 

FIfllrinfthft InvQntion- 

Thd present invention relates to nitrile rubber polymers having lower molecular 
5 welgfits and narrower molecular weight distributions than those Known In the art. 

Baokyound of the Invention 

Nitrile rubber (NBR), a co-polymer of a conjugated dlane and an 
unsaturated nitrile, is a specialty mbber which has very chemical resistance, and 
10 excellent oil resistance. Coupled with the high level of mechanical properties of the 
mbber (in particular the high resiatanod to abrasion) it la not surprising that NBR hao 
found widespread use in the automottve (seals, hoses, bearing pads), electrical (cable 
sheathing), mechanical engineering (wheels, rollers) and footwear industries, amongst 
others. 

IS 

Commercially available NBR Is manufacture by emulsion polymerization. The 
monomers are emulsified in water, a free radical-generating catalyst is added and the 
mixture is agitated whilst a constant temperature is maintained- After the desired 
degree of polymerization is reached, a shortstop and stabilizers are added to the 
20 reaction system causing temilnatlon of the polymerization process. Generally, NBR 
olytalned by this process has a fidooney viscosity in the range of from about 30 to ak>out 
90, an Mw In the range of from about 250,000 to about 3S0»000, an Mn in the range of 
from about 80,000 to about 150,000 and a porydispersify indesc greater than about 3.2. 

25 In addition, soiled "liquid NBR" having a very low Mooney viscosity and a low 

molecular weight can be produced be adding the shortstop agent early in the reaction 
process. As in the case of regular NBR, the resulting liquid NBR has a polydispersity 
greater than 3.0. 

30 Karl Ziegler's discovery of the high ^afffacftlwmees of oertek^ ^netai «e^1fi, 4c% 

combination with main group alicylating agents, to promote olefin polymerization under 
mild conditions has had a significant impact on chemical research and production to 
date. It was discovered earty on that some *Ziegler-type^catalysts-notx)nly promote the 
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proposed coordination-Insertion mechanism but also effect an entirely different 
chemical procese, that Is the mutual JKhange (or metathesis) reaction of alkenee 


10 


^ Catalyst 


Figure 1 


Acyclic diene metathesis (or ADMET) is catalyzed by a great variety of transition 
metal complexes as well as non-metalKc systems. Heterogeneous catal>«t systems 
baaed on metal oxides, sulfides or metal salts were originally used for the metathesis of 
oldflns. However, the Umlted stability (especially towards hetero-substltuents) and the 
lack of selectivity resulting from the numerous active sites end aide reaotione are major 
drawbacks of the fieterogeneous eyetems. 

Homogeneous systems have also been devised and- ^jsed- to- affsct- olefin ■ 
metathesis. These systems offer significant activity and control advantages over the 
heterogeneous catalyst systems. For example, certain Rhodium based complexes are 
effective catalysts for the metathesis of electron-rich olefins. 

The disoavary that certain metaKalkylidene cximplexes are capable of catalyzing 
the metathesis of olefins triggered the development of a new generation of welKlefined, 
highly active, single^lte catalysts. Amongst these, »s-(tricyck}hexylphosphine)- 
benzylidene ruthenium dlchloride (commonly know as Grabb's oatalyat) hoe been 
widely used, due to Its remaritable insenaHivity to air and mototuro and high tolerance 
towards various functional groups. Unlike the molybdenum^ased metathesis catalysts, 
this njthenlum carbene catalyst Is stable to adds, alcohols, aldehydes and quaternary 
amine salts and can be used in a variety of solvents (CgHe, CH2CI2. THF. f-BuOH). The 
most commonly-used catalysts are based on Mo, W and Ru. 


The use of transition-metal catalyzed atkene metathesis has since enjoyed 
Increasing attention as a synthetic method. Research efforts have been mainly focused 
on the synthesis of small molecules, but the application of olefin metathesis to polymer 
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synthesis has allowed the preparation of new polymeric material wrth unprecedented 
propertied (such as highly stereoregular poty^norbornadiene). 

The utilization of olefin metathesis ad a means to produce low molecular weight 
5 compounds from unsaturated elastomers has received growing interest. The principle 
for the molecular weight reduction of unsaturated polymers is shown in Rgure 2. The 
use of an appropriate catalyst allows the cross-metathesis of the unsaturation of -the- 
polymAr with the co-olafln. The end result la the oleavage of the polymer chain at the 
unsaturation sites and the generation of polymer fragments having lower molecular 
10 weights. In addition, another effect of this process is the "homogenizing" of the polymer 
chain lengths, resulting In a reduction of the polydispersity. From an application and 
processing stand point, a narrow molecular weight distribution of the raw polymer 
results in Improved physical properties of the vulcanized rubber, whilst the lower 
molecular weight provides good pnxessing behavior. 

IS 



Ffgiire-2 Metatteeie Of Partially Unsaturated Pohrmer 

The so-called ^'depolymerlzatlon" of copolymers of 1 ,3-butadiene with a vartety of 
oo-monomens (styrane, propane, divinylbenzene and ethyMnylbenzene. acryionitrile. 
20 vinyttdroatbyiailane and dlvinyldimethylsilane) In the presence of classical Mo and W 
catalyst system has been investigated. Similarly, the degradation of a nitrite rubber 
using WCla and SnMe4 or PhCsCH co-catalyst was reported In 1988. However, the 
focus of such research was to produce only low molecular fragments which could be 
characterized by conventional chemical means and contains no teaching with respect to 
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the preparation of low molecular weight nitril wbber polymers. Furthermore, such 
processes are non-controlled and produce a wide range of products. 

The catalytic depoiymerlzation of 1,4-polybutadiene in the presence of 
5 eubsUtuted olefins or ethylene (as chain transfer agents in th&f>reeenG»of-welMeflned- - 
Grubb's or Schroclfe catalysts is also possible. The use of Molybdenum or TUng^ 
compounds of the general stru<miral foiinula <M(>tt4fli)(OR2)a(sOHF)); M » Mo. W} to 
ptoHuai low mol«eular weight poiymArs or oligomers from gelled polymerB oontaining 
Internal unsaturation along the polymer baclcbone was claimed^n US-5;446;102: Again. 
10 however, the process disclosed is non«controlled. and there is no teaching with respect 
to the preparation of low molecular weight nrtrile mbber polymers. 

Summan/of the Invention 

We have now discovered that a low molecular weight nitrile rubber having 
15 nan-ower molecular weight distributions than those known In the art can be prepared by 
olefin metathesis. Rubbers having a narrow molecular weight distribution have certain 
advantages over those having a broad molecular weight distribution, one or mese being 
that they have Infjproved physical properties, resulting, for example. In better 
prooeasabllHy of the rubber. 

20 

Thus, one aspect of the disclosed invention is a nitrile rubber having a molecular 
weight (Mw) in the range of from about 25,000 to about 200.000. a. Mooney viscosity - - 
(Ml. 1-f4 100) of less than about 25, and a MWO (or polydispersHy indeiO of less than 
about 2.5. 

25 

Description of the Invention 

As used throughout this specification, the term "nitrile mbber" is Intended to have 
a broad meaning and is meant to encompass a copolymer of a conjugated diene and 
an unsaturated nitrile, 

30 

The conjugated diene may be a C4-C6 conjugated diene. Non-limiting examples 
of suitable such conjugated dienes may be aeleoted from the group comprising 
butadiene. Isoprene, piperylene. 2,3-dlmethyl butadiene and mixtures thereof. The 
preferred C^-Ce conjugated diene may be selected from the group comprising 
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butadiene, Isoprene and mbdures thereof. The most preferred Ca-Cb conjugated diene 
Is butadiene. 

The unsaturated nitrlle may be a Cz-Cb o^^-unsaturated nitrite. Non-llmiting 
s examples of suitable such C3-C5 ccMneeturated nitriles may be selected from the 
group comprising acrylonitrlle, methacrylonitrile, ethacrylonltrile and mixtures thereof. 
The most prefenred C3-C0 a^p-unsaturated nitrile is acrylonltrile. 

Preferably, the copolymer comprises from about 40 to about 86 weight percent 
10 of the copolymer of bound conjugated diene and from at>out 16 to about 60 weight 
percent of the copolymer of bound unsaturated nitrile. More preferably, the copolymer 
comprises from about 60 to about 76 weight percent of the copolymer of bound 
conjugated dlene and from about 25 to about 40 weight percent of the copolymer of 
bound unsaturated nitrile. Most preferably, the copolymer comprises from about 60 to 
15 about 70 weight percent of the copolymer of bound conjugated diene and from about 
30 to about 40 weight percent of the copolymer of bound unsaturated nitrile. 

Optionally, the copolymer may further comprise a bound unsaturated cart>o)^llc 
acid. Non-llmltlng examptes of suitable such bound unsaturated carisoxylic adds may 
20 be selected from the group comprising fumario aoid, maleio aoid, aoryilc acid, 
methacryllo aoid and mixturea thereof. The bound unsaturated cari»o)Q^ic add may be 
present in an amount of from about 1 to about 10 weight percent of the copolymer, with 
this amount displacing a corresponding amount of the conjugated dlolefin. 

25 Further, a third monomer may be used in production of the nitrile polynDor. 

Preferably, the third monomer is an unsaturated mono- or dl-carboxylic acid or 
derivative thereof <e.g.-, eeterSromidoB-and the^lke).- 

The metathesis reaction can be catalysed by compounds of formula 1, II or. Ill: as 
30 shown below : 
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Formula I 


wharain: 


M Is 0$ or Ru; 

R and R^ are, Independently, hydf^on or a hydrocarbon selected from the 
S group. consisting of C^Cso alkenyl, Ca-C^o alkynyl, C1-C20 alkyl, aryl, C1-C20 carboxylate, 
C1-C20 alkoxy, C2-C20 alkenyloxy. drCao alkyoytoxy, aryloxy, CrCao alkoxycarbonyl, Cr 
aikylthk), C1-C20 alkylautfonyl and C\<ko alkyleulflnyi; 
X and are independently aelected anlonte ligands; and 


L and are, independently, ligands selected from the group consisting of 


10 phosphines, sulfonated phosphlnes, fluorinated phosphines, funcaonallzed phosphlnea 
having up to three aminoalkyh, ammoniumalkyi-, alkoxyalkyi-, alkoxyicarbonyialkyi-, 
hydrocycaitenylalkyi-, hydroxyalkyl- or katoalkyh groups* phosphitee, phosphlnitea, 
phoaphonhaa, phoaphinamlnoa, arainee, atibinea, ethers, amines, amides, Imlnas. 
sulfoxides, thloethers and pyridines; optionally, L and can be linked to one another to 

IS from a bidentate neutral tigand wherein at leaat one of the above-mentioned functional 
groups fa present. 


20 is Os or Ru; 

R^ and R^ are. independently, hydrogen or a hydrocarbon selected from the group 
consisting of CrOso afkenyl, Ct-Czo aikynyi, Ct-Cxa aikyl, aryl, Ci-Csa carboxylate, Cr 



Formula II 


wherein: 
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C20 alkoxy, C2-C20 alkenyloxy, CrCao alkynyloxy. arytoxy, CsrCao alkoxycarbonyl. CrC2Q 
alkytthlo, C1-C20 alkylsulfonyl and Ci-C2d alkylfiuWnyl; 
is sdlocted from any anionic ligand; and 

is a neutral Tt^sondad ligand, preferably but not limited to arena, dubstituted 
5 arena, heteroarene, Independent of whether they are mono- or polycycllc; 

L' i6 a ligand selected from the group consisting of phosphlnes, sulfonated 
phosphines, fluorinated phosphlnes, functlonailzed phosphlnes bearing up to three 
ammoalkyl-, ammonlumalkyi-, alkoxyalKyI-, alkoxylcaibonylalkyl-. hydrooyoarbonylalkyl-. 
hydroxyalkyt- or ketoalkyi- groups, phosphites, phodphlnltes, phosphonites, 
10 phosphinamlnofi, arslnes, stibenes, ethera, amines, amides, Imines. sulfoxides, 
thk>ethers and pyridines; 

V is a non-coordinaBng artioa; 

n is an integer in the range of from 0 to S; 



15 Fonnula ill 

wherein 

id Mo orW 

R^ R* are, independently, hydrogen or a hydrocarbon setected from the group 
consisting of CsrCso alkenyl, C2-C20 alkynyl, CrCao alkyi, aryl, Ci-C^o carboxylate. Ci- 
20 C20 alkoxy. C2-C20 alkenyloxy, C2-Cgo aiKynytoxy, aryloxy, C2-C20 alkoxycarbonyl, Ci-Cao 
alKyimio, C1-C30 alkylsuironyl and Ci-Cao eHqfleulfinyl; 

and R^ aro indapendently Miected from any unsulMtltuted or halo-subetituted 
alkyI, aryl, aralkyi groups or silicon-containing analogs thereof. 

25 Catalysts of Formula t are preferred. More preferably, catalysts of Formula I 

wherein L and V are trialkylphosphfnes, X and are chloride iona and M i& Ruthenium 
are preferred. 

7 


CA 02351961 2001-06-29 

13:00 Fro«:BAYER SARNIA PATENT DEPT +51M3M523 T-834 P.11/)5 Job-539 


Tho amount of catalyst mployed In tha metatheaia reaction will depend upon 
the nature and activity of the catalyst In question. Typically, the ratio of catalyst to NBR 
Is in the range of from about 0.005 to about 5, preferably in the range of from about 
5 0.025 to about 1 and, more preferably, in the range of from about 0.1 to about 0.5. 

The metathesis reaction Is carried out in the presence of a co-olefin which ie a 0^ 
to Cio linear or branched olefin such as ethylene, tsobutene, styrene or 1-hexene. 
Where the oo-defin Is a liquid (such as l-hexene), the amount of oo-olefin employed is 
10 In the range of from about 1 to about 50 weight %; preferably in the range of from about 
10 to about 30 weight %. Where the oo-olefin Is a gas (such as ethylene) the amount 
of co-oletirt erV^pWyfttf ls fiuWr Thar It Tesutts"in"i0r prepare In the* reaction vessel in the 
range of from about 15 to about 150O psi. preferably In the range of from about 75 to 
about 600 psi. 

15 

The metathesis reaction can be carried out in any suitable solvent which does 
not inactivate the catalyst or othenArise Interfere with the reaction. Prefenred solvents 
include, but are not limited to, dichloromethane. benzene, toluene, tetrahydrofuran, 
cylcohexana cmd tho lilie. The moat preferred solvent Is monoohlorobonzene (MCB). 
20 In certain cases the co-olefin can itself act as a solvent (for example, 1-hexene). in 
which case no other solvent is necessary. 

The concentration of NBR in the reaction mixture is not critical but, ol>viou6ly, 
should be such that the reaction is not hampered If tho mixture is too viscous to be 
25 stirred effidontly, for example. Preferably, the concentration of NSR-is-in tha rangc ef -— 
from about 1 to about 20%, most preferably in the range of from about 8 to about 16%. 

The metaff^eis reaction is carried out at a temperature In the range of from 
about 20 to about 140*Cj preferably in the range of fitim about 60 to about IZff'C. 

30 

The reaction time will depend upon a number of factors, including cement 
concentration, amount of catalyst used and the temperature at which the reaction Is 
perfonnad. The metathesis Is complete within the first two hours under typical 
conditionfi. The progress of tho metathesis reaction may bo monitored standard 
35 analytical techniques, for example using QPC or solution viscosity . 
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Th Mooney vidcoeity of me rubber was determined using ASTM test D1 646. 

For a typical product the Mn is about 30,000 (comparsd to about 85,000 for the 
starting poiymer) wWlst the Mw Is about 65,000 (compared to 300,000 for the starting 
polymer. As can be seen from Table 1, however, higher molecular weights (Mw) can 
also be obtained by manipulaiton of the experimental conditions (for exampte by 
lowering the catalyst loading). Aa expected, tha molecular weight distribution falls from 
about 3.5 for tho starting NMB faadatoek to about 2.0 for the metattieelzed product 
This Is consistent with a more homogeneous range of polymer chain lengths and 
molecular weights. 

A summary of the polymer properties for selected samples is shown In Table 1. 
The GPC results show up to a fivefold reduction In Mw and a narrowing of the 
polydisperslty Index to about 2.0. 

Table 1 Summary of Polymer Properties 


MN MW MZ POi Mooney Viscosity 

(ML1i4 9tQ0) 


Starting NBR 

86000 996000 030000 3.G0 

35 

(Perbunan) 



Experfmem l 

27000 54000 92000 2.00 

2.5 

Experiments 

27000 63000 89000 1.98 


Experiments 

32000 66000 117000 2.06 


Experiment 4 

67000 134000 253000 2.00 



Expcirlmenlal Details 

Bi8(trjoyoloh«xylphMphlne)benzyllden6 ruthenium diohloride (Qrubb'fi 
20 metathesis catalyst), l-hexen^.and monochlorobenzene (MCB) were purchased from 
Alfa, Aldrich Chemicals, and PPG respectively and used as received. Perbunan was 
obtained from Bayer Inc. . 
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The metathdsis roaotlons w re carried out in a Parr hlgh*pressure reactor under 


10 


th following conditions: 

Cenient Concentration 
Co-Olefin 

Co^lefin Concentration 
Agitator Speed 
Reactor Temperature 
Catalyftt Loading 
Solvent 
Substrate 


6 or 15% 

Ethylene or 1-Hexene 

Variable 

soorpm 

Variable 

Variable 

Monochiorobenzene 
Perbunan NT 3435 T 
PerbunanNT3429T 


In a typical lab experiment, 200g of mbber was dissolved in 1133a of MCB (15% 
solid). The cement was then charged to the reactor and degassed 3 times with C^hU 

IS (1 00 psi) under full agitation. The reactor was heated to desired temperature and SOmL 
of a monochiorobenzene solution containing Gnjbb'a catalyst was added to the reactor. 
The temperature was maintained constant for the duration of the reaction. A cooling 
coil connected to a temperature controller and a thennal sensor was used to regulate 
the temperature. The profiresa of the reaction was monitored using solution viscosity 

20 measurements for the 6% cements. At higher cement concentration, the reaction was 
assumed to be complete after 18 hours. 
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Clalm9 

1 . A nitrll© rubber having a molecular weight (Mw) in the range of from about 25.000 to 
about 200,000 and a polydlspersity Index of less than about 2.5. 

5 

2. A nitrite nibber according to claim 1 wherein the molecular weight (Mw) is In the 
range of from about 40,000 to about 180.000. 

3. A nltrile mbber according to dalm 1 wherein the molecular weight (Mw) is In the 
10 range of from about 50,000 to about 100,000. 

4. A nltrile aibbar aooording to dalm 1 wherein the polydispersity index Is less than 
about 2.3. 

15 5. A nltrile rubber according to claim 2 wherein the polydispersity index is less than 
about 2.3. 

6. A nilrile rubber according to claim 3 wherein the polydispersity Index Is less than 
about 2.3. 

20 

7. A nitnis rubber according to daim 1 wherein the polydbpersity indwt ie lees than 
about 2.1. 

a. A nJtrllB mbber according to daim 3 wherein the polydispersity index is less than 
25 about 2.1. 

9. A nltrile njbber according to dalm 3 wherein the polydispersity Index Is less than 
about 2.1. 

30 10. The U89 of a nitrll© rubber according to dalm 1 in the manufacture of a seal, hose, 
bearing pad, stator, well heaid seal, valve plate, cable sheathing, wheel, roller, pipe 
seal or footwear component 
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